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We have studied the temperature dependence of crystal and magnetic structures of the Jahn-
Teller distorted transition metal difluorides CrF2 and CuF2 by neutron powder diffraction in the
temperature range 2− 280 K. The lattice parameters and the unit cell volume show magnetoelastic
effects below the Ne´el temperature. The lattice strain due to the magnetostriction effect couples with
the square of the order parameter of the antiferromagnetic phase transition. We also investigated the
temperature dependence of the Jahn-Teller distortion which does not show any significant effect at
the antiferromagnetic phase transition but increases linearly with increasing temperature for CrF2
and remains almost independent of temperature in CuF2. The magnitude of magnetovolume effect
seems to increase with the low temperature saturated magnetic moment of the transition metal ions
but the correlation is not at all perfect.
PACS numbers: 75.25.+z
I. INTRODUCTION
The coupling between the spin and lattice degrees of
freedom has turned out to be a central topic in condensed
matter physics. At the early stage of condensed matter
research, though knowing fully well its importance, one
had the tendency to neglect this coupling deliberately in
order to avoid complications. Recently, however, thanks
to both better experimental as well as theoretical and
computational capabilities, the coupling between the spin
and lattice degrees of freedom have attracted renewed
interest. The dependences on distance of the exchange
integral, the spin-orbit and the dipole-dipole interactions
imply that the spin system of a ferromagnetic or antifer-
romagnetic crystal is coupled to the ionic displacements.
The static portion of this interaction results in a shift
in the equilibrium ionic positions relative to the case
with zero magnetoeastic coupling, with resultant shifts of
phonon and magnon spectra. The dynamic portion of the
interaction gives magnon-phonon scattering. The sim-
plest aspect of the static interaction is the spontaneous
magnetostriction, or change in the crystal dimensions be-
low the ordering temperature in zero magnetic field. The
magnetostriction in applied magnetic field is called forced
magnetostriction, which will not be considered here. The
crystal symmetry dictates of course the magnetoelastic
modes. Manetoelastic coupling has been treated exten-
sively by Callen and Callen1,2. This coupling has been in-
vestigated in potentially important electronic materials,
such as colossal magnetoresistive (CMR) manganites and
multiferroic materials. One aspect of this coupling is the
spontaneous static magnetoelastic effect which is some-
times called magneto-striction or exchange-striction. The
lattice tends to respond by distorting itself as the mag-
netic order sets in. The distortion involves the lattice
and sometimes positional parameters with or without a
change in symmetry. However, the effect being very small
it can only be detected and investigated by high reso-
lution synchrotron X-ray and neutron diffraction tech-
niques. It is useful to have access to both techniques
because although X-ray diffraction has usually better
momentum space resolution suited for studying small
changes in the lattice parameters and symmetry, the neu-
tron diffraction is better suited to study the magnetic
structures and small deviations in atom coordinates of
light atoms in presence of heavier ones. Also it is neces-
sary to measure the diffraction patterns using very fine
temperature steps and for this a high intensity X-ray or
neutron beam is useful in order to complete the study in
a finite time.
The exchange striction has been investigated quite in-
tensively in ferromagnets due to their industrial appli-
cations and has been reviewed by several authors3–8.
The magnetoelastic effects in antiferromagnets have been
relatively less investigated. However the antiferromag-
netic transition metal oxides and chalcogenides have
been investigated9 throughly. Also the magnetoelastic
effects in rare earth metals and compounds have been
reported10,11. We recently reported the results of our
neutron diffraction investigations12–15 of the magnetoe-
lastic effects in antiferromagnetic manganites LaMnO3,
NdMnO3 and also the antiferromagnetic transition metal
difluorides MnF2, FeF2, CoF2 and NiF2.
The transition metal fluorides constitute a class of ma-
terials that has been often investigated for checking and
for the improvement of magnetic models16. The transi-
tion metal difluorides MF2 (M = V,Cr,Mn,F,Co,Ni,Cu)
were investigated quite early and very intensively.
Among these difluorides CrF2 and CuF2 are different
in that they contain Jahn-Teller distorted MO6 octahe-
dra and they crystallize in the monoclinic distorted17,18
(space group P21/n) rutile structure rather than the
ideal tetragonal rutile structure (space group P42/mnm)
adopted by the rest. Despite the distorted rutile type
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2FIG. 1: The distorted rutile-type monoclinic crystal struc-
ture adopted by 3d transition metal diflurides MF2 (M =
Cr,Cu). The red circles represent the transition metal M ion
and the green circles represent the F ions.The Jahn-Teller M
ions are surrounded by F ions to produce distorted octahedra.
The crystallographic axes and the M-F bond distances corre-
spondinfg to CrF2 only are shown. The magnetic structure of
the ordered phase below the Ne´el temperature is indicated by
showing the magnetic moment directions by the red arrows.
crystal structure, the antiferromagnetic structure19 of
CrF2 is similar to those of other difluordes MnF2, FeF2
and CoF2 in which the magnetic moments of the cor-
ner metal ions at (0, 0, 0) are aligned parallel and those
at (1/2, 1/2, 1/2) are aligned anti-parallel. The propaga-
tion vector of this type magnetic structure is k = (0, 0, 0).
The orientation in MnF2, FeF2 and CoF2 are parallel and
anti-parallel to the tetragonal c axis. The magnetic mo-
ments in CrF2 are however not aligned in any crystallo-
graphic direction, but are aligned along the longest Cr-F
bond directions of the Jahn-Teller distorted MF6 octa-
hedra. NiF2 has also a similar magnetic structure but
the moments are aligned approximately perpendicular to
the tetragonal c-axis. The magnetic structure of CuF2 is
even more complex. VF2 has also a complex helimagnetic
structure. The crystal structures of CrF2 is schematically
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FIG. 2: (Color online) Temperature variation of the diffrac-
tion diagram of CrF2. The peak at about 2θ ≈ 20 deg. is the
100/010 magnetic reflection whose intensity decreases con-
tinuously with increasing temperature and becomes zero at
TN ≈ 50 K.
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FIG. 3: (Color online)Temperature variation of the diffrac-
tion diagram of CuF2 which contain the impurity phase
CuF2.2H2O. There are two magnetic peaks at about 2θ ≈ 20
deg. whose intensites decrease continuously with increasing
temperature and become zero at TN ≈ 70 K . The magnetic
peaks are very weak in intensity compared to those of CrF2.
illustrated in Fig. 1. The figure also shows the Jahn-
Teller distortion in CrF2 by indicating the different Cr-F
bond distances. The distorted octahedra have two pairs
of different short Cr-F bonds (1.98 and 2.01 A˚) in the
basal plane and a pair of long Cr-F bonds (2.43 A˚) along
the axial direction. The crystal structure and Jahn-Teller
distortion of CuF2 are very similar to that of CrF2 illus-
trated schematically in Fig. 1. The two pairs of short
distances in CuF2 are 1.92 and 1.93 A˚ with a pair of long
distance 2.30 A˚. The Jahn-Teller distortions in CrF2 and
CuF2 are referred to as text book examples of this effect
and have indeed been discussed in some text books20,21.
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FIG. 4: (Color online) The diffraction diagram of CrF2 at T
= 1.9 K along with the result of the Rietveld refinement of the
monoclinic P21/n crystal structure and the antiferromagnetic
structure described in the text.
8000
6000
4000
2000
0
I
n
t
e
n
s
i
t
y
 
(
a
r
b
.
 
u
n
i
t
s
)
12010080604020
2q (deg.)
 I
obs
 I
calc
 I
obs
-I
calc
 
 CuF
2
 CuF
2
 mag.
 CuF
2
á2H
2
O
CuF
2
T=1.9K
FIG. 5: (Color online) The diffraction diagram of CuF2 at
T = 1.9 K along with the result of the Rietveld refinement
of the monoclinic P21/n crystal structure and the antiferro-
magnetic structure described in the text. The impurity phase
CuF2.2H2O has also been refined.
The magnetic structure22 of CuF2 is different from that
of other transition metal difluorides. Like NiF2, CrF2
and CuF2 also exhibit weak ferromagnetism and there-
fore their spin directions are canted from the ideal anti-
ferromagnetic opposite spin orientations by small angles.
The weak ferromagnetism is allowed by the symmetry of
their magnetic structures. However the weak ferromag-
netism cannot be investigated by unpolarized neutron
diffraction technique of the present study. Single-crystal
polarized neutron diffraction and also laboratory magne-
tization investigations are necessary for such study.
We recently investigated the magnetoelastic effects in
the tetragonal transition metal difluorides14,15 MnF2,
FeF2, CoF2 and NiF2 and found some interesting sys-
tematic variation of this effect across the transition metal
series especially as a function of the unquenched orbital
moments. Here we have investigated the magnetoelastic
effects in the Jahn-Teller distorted monoclinic CrF2 and
CuF2. This has enabled us to check the variation of these
effects across the whole transition metal series except for
VF2, a sample more difficult to prepare.
II. EXPERIMENTAL DETAILS
We have done powder neutron diffraction measure-
ments on MF2 (M=Cr,Cu) using the high-intensity two-
axis powder diffractometer23 D20 at the Institut-Laue-
Langevin, Grenoble. The (115) reflection from a Ge
monochromator at a high take-off angle of 118◦ gave a
neutron wavelength of 1.868 A˚. Approximately 3-5 g MF2
(M=Cr,Cu) powder samples were placed inside an 8 mm
diameter vanadium can, which was fixed to the sample
stick of a standard 4He cryostat.
III. TEMPERATURE DEPENDENCE OF
CRYSTAL AND MAGNETIC STRUCTURES
Fig. 2 shows the temperature dependence of the
diffraction diagram of CrF2. The unresolved low angle
magnetic 100/010 reflections close to the Bragg angle 20◦
appears at low temperature. Its intensity decreases con-
tinuously as a function of temperature and becomes zero
at TN ≈ 50 K. Fig. 3 shows the temperature dependence
of the diffraction diagrams of CuF2. The diffraction
diagram contains many more peaks than are expected
from the CuF2 crystal and magnetic structure. A quick
search for the probable impurity phase immediately con-
vinced us that the sample contained substantial amount
of CuF2.2H2O as the impurity phase. The magnetic
peaks were very weak as expected from magnetic neu-
tron scattering from Cu2+ ions. However weak magnetic
reflections expected from the published magnetic struc-
ture were identified. The magnetic reflections decrease in
intensity with increasing temperature and become zero at
about TN ≈ 70 K. Figure 4 shows a typical diffraction
diagram of CrF2 measured at T = 1.9 K along with the
results of Rietveld refinement of the monoclinic P21/n
crystal structure and the antiferromagnetic structure de-
scribed in the previous section. However the magnetic
moment direction obtained from the present refinement
of the intensity data differed from that reported by Cable
et al.19. Fig. 5 shows the results of the refinements of the
crystal and magnetic structures of CuF2 at T = 1.9 K
along with that of the impurity phase CuF2.2H2O. Note
that the weak ferromagnetism has not been taken into
account in the refinement of the magnetic structures of
CrF2 and also CuF2.
IV. THERMAL EXPANSION OF LATTICE IN
ABSENCE OF MAGNETISM
In order to study the spontaneous magnetostriction it
is necessary to determine the temperature variation of
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FIG. 6: (Color online) Temperature variation of the lattice
parameters a, b, c, β and the unit cell volume V of CrF2 plot-
ted on the left side. The red curves in these figures represent
the lattice parameter and the unit cell volume obtained by
fitting the high temperature data in the paramagnetic state
to the Einstein equation (6 and 7) and by extrapolating to
the lower temperatures in the ordered state as explained in
the text and should give the corresponding values in the ab-
sence of the magnetic transition. The excess lattice param-
eters ∆a, ∆b, ∆c, ∆β and the excess unit cell volume ∆V
due to magnetostriction have been plotted on the right side.
In the bottom panel we have shown the fit with the Debye
model (equations 1 and 2). The resultant ∆V plotted on the
right bottom panel shows that the fit is not as good as that
with the Einstein model.
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FIG. 7: (Color online) Temperature variation of the lattice pa-
rameters a, b, c, β and the unit cell volume V of CuF2 plotted
on the left panels. The red curves in these figures represent
the lattice parameter and the unit cell volume obtained by
fitting the high temperature data in the paramagnetic state
to the Einstein equation (6 and 7) and by extrapolating to the
lower temperatures in the ordered state as explained in the
text and should give the corresponding values in the absence
of the magnetic transition. The excess lattice parameters ∆a,
∆b, ∆c, ∆β and the excess unit cell volume ∆V due to mag-
netostriction have been plotted on the right panels.In the bot-
tom panel we show the fit with the Debye model(equations 1
and 2). The resultant ∆V plotted on the right bottom panel
shows that the fit is not as good as that with the Einstein
model.
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FIG. 8: (Color online) (Left) Temperature variation of the
ordered magnetic moment of Cr ion in CrF2 in the full tem-
perature range (top), in the critical region close to TN with
a power law fit shown by the continuous curve (middle) and
its log-log plot with reduced temperature (bottom). (Right)
Similar plots for CuF2
the lattice parameters and the unit cell volume in the
absence of magnetism. One method of determining the
background temperature variation of the lattice param-
eter and the unit cell volume is to extrapolate the para-
magnetic high temperature data to low temperature by
fitting with a polynomial function. This method works
approximately in some cases but in general involves some
uncertainty. Alternatively one can use the Gru¨neisen ap-
proximation for the zero pressure equation of state, in
which the effects of thermal expansion are considered to
be equivalent to elastic strain24. Thus, the temperature
dependence of the volume can be described by
V (T ) = γU(T )/B0 + V0, (1)
where γ is a Gru¨neisen parameter, B0 is the bulk modu-
lus and V 0 is the volume at T = 0 K. By adopting the
Debye approximation, the internal energy U (T ) is given
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FIG. 9: (Color online) Plot of the lattice strains ∆a, ∆b, ∆c
∆β and ∆V against square of the ordered magnetic moment
of Cr ion in CrF2.
by:
U(T ) = 9NkBT
(
T
θD
)3 ∫ θD/T
0
x3
ex − 1dx (2)
where N is the number of atoms in the unit cell, kB
is the Boltzmann’s constant and θD is the Debye tem-
perature. By fitting the high temperature data in the
paramagnetic state we can get the physical parameters
θD, V0 and γ/B0, which can then be used to calculate the
low temperature background curve. This however, is not
satisfactory because the thermal expansions of a param-
agnetic and a nonmagnetic solid are generally not iden-
tical. We have used in the present study the Gru¨neisen
approximation given by the equation (1). This equation
is of course valid for the volume in the isotropic case.
However in the present experiment we actually measure
the lattice parameters a, b, c and the monoclinic angle
β and the unit cell volume is only calculated from them
from V = abc sinβ. The volume data can be fitted di-
rectly by using equation (1, 2). However we also wish
to fit the individual lattice parameters. We found out
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FIG. 10: (Color online) Plot of the lattice strains ∆a, ∆b, ∆c
∆β and ∆V against square of the ordered magnetic moment
of Cu ion in CuF2.
that Einstein’s model serves as a better method for fit-
ting the high temperature data to a function appropriate
for the thermal expansion of a non-magnetic solid. We
start from the Gru¨neisen relation
γ =
αV V BT
CV
, (3)
where αV is the volume thermal expansion and CV is
specific heat at constant volume and V is the molar vol-
ume. From the assumption of temperature independence
of γ and BT we can express the volume as
V (T ) = V0 +
γ
BT
∫ T
0
CV . (4)
Now using the Einstein model for the specific heat in
which all atoms in the solid are assumed to vibrate with
the same characteristic angular frequency ωE where θE =
h¯ωE/kB we have
CV =
3R(θE/T )
2 exp (θE/T )
(exp (θE/T )− 1) (5)
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FIG. 11: (Color online) (Left panel) Temperature variation
of the positional parameters x, y and z of F atom in CrF2.
(Right panel)Temperature variation of the positional param-
eters x, y and z of F atom in CuF2.
Substituting CV in equation 4 and integrating
V (T ) = V0 +
E
(exp (θE/T )− 1) (6)
where the constant E = 3RγθE/BT . A similar expres-
sion can be used to describe the temperature dependence
of lattice parameters,
x(T ) = x0 +
E
(exp (θE/T )− 1) (7)
where x0 is the value of the lattice parameter x (a, b, c, β
in our case) at T = 0 K. In order to get a good fit some-
time we need to allow the parameter E to vary as a func-
tion of temperature as a polynomial in T . Although the
the present Einstein model is not as rigorous as the De-
bye model, it is surprisingly much better as a fit function
to the data as will be evident in the next section.
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FIG. 12: (Color online) (Left panel)Temperature variation of
the equatorial and epical Cr-F bond distances and Jahn-Teller
distortion ∆ of CrF2. (Right panel)Temperature variation of
the equatorial and epical Cr-F bond distances and Jahn-Teller
distortion ∆ of CuF2.
V. MAGNETOSTRICTION IN CrF2 AND CuF2
Figure 6 (left) shows the temperature variation of the
lattice parameters a, b, c, the monoclinic angle β and
the unit cell volume V of CrF2 and the corresponding fit
of the high temperature data above TN using Einstein
model within Gru¨neisen approximation extrapolated to
the lowest temperature and are shown by the continu-
ous curves. The lattice parameter a of CrF2 decreases
continuously with decreasing temperature following the
continuous curve and then shows strong magnetoelastic
effect below TN . The magnetoelastic effect obtained by
subtracting the nonmagnetic background is shown in the
corresponding right panel. The effect is negative i.e. the
lattice parameter decreases at the magnetic phase tran-
sition from the value expected for a nonmagnetic solid
given by the continuous curve. The lattice parameter b
behaves in a similar way whereas the lattice parameter
c does not show any appreciable magnetoelastic effects.
The monoclinic angle β shows opposite positive effect.
The unit cell volume shows negative magnetovolume ef-
fect. The bottom panel shows the corresponding fit of
the temperature variation of the volume by using Debye
model. It is seen from the corresponding plot of ∆V in
the right panel that this fit of the data with the Debye
model is much less satisfactory than that using Einstein
equation. Figure 7 shows similar plots of the unit cell
parameters and volume of CuF2. The lattice parameter
a of CuF2 shows small negative effect whereas the lat-
tice parameter b shows strong positive effect. The lattice
parameter c shows very small negative magnetoelastic
effect. The monoclinic angle β of CuF2 shows positive
magnetoelastic effect. The resultant magnetovolume ef-
fect of CuF2 is very small and negative. The fit with the
Debye model is also shown in bottom panel and effect is
again very small but positive. The right panel of Fig. 7
shows ∆a, ∆b, ∆c, ∆β for fits with Einstein models and
∆V for both Einstein and Debye models.
VI. ANTIFERROMAGNETIC PHASE
TRANSITIONS IN CrF2 AND CuF2
We investigated the antiferromagnetic phase transition
in CrF2 and CuF2. Figure 8 (left) shows the temper-
ature variation of the ordered magnetic moment of Cr
ion in CrF2 in the full temperature range on the top
panel obtained from the refinement of magnetic intensi-
ties by using the magnetic structure model of Cable et
al.19. The continuous decrease of the magnetic moment
with increasing temperature shows the second order na-
ture of the antiferromagnetic phase transition in CrF2.
The data in the critical range close to TN is shown in the
middle left panel along with the least squares fit with a
power law exponent
m(T ) = m0
(
TN − T
TN
)β
. (8)
shown by the continuous curve. The critical exponent
was determined to be β = 0.34±0.09 which agrees closely
with the expected three-dimensional Heisenberg value25
0.367 within experimental accuracy. The Ne´el tempera-
ture TN = 48.7 ± 0.1 K determined from the fit agrees
with that reported in the literature19. The log-log plot
of the magnetic moment with the reduced temperature
t = TN−TTN is shown in the bottom left panel. Fig. 8
(right panel) shows similar results for the antiferromag-
netic phase transition in CuF2. The Ne´el temperature
was determined to be TN = 72±9 K which agrees within
experimental accuracy with that reported in literature22.
However due to much larger experimental errors in the
refined magnetic moment values the critical exponent
β of CuF2 could not be determined with any reason-
able accuracy. The magnetic moments determined by
the refinements of the intensity data were 3.6 ± 0.2 and
0.75± 0.10µB for CrF2 and CuF2, respectively.
8VII. COUPLING OF THE LATTICE STRAIN
WITH THE ORDER PARAMETER
In order to check how the lattice strains ∆a, ∆b, ∆c,
∆β and ∆V couple to the order parameter these were
plotted against the square of ordered magnetic moment
obtained from the refinement of the magnetic structure.
Figure 9 shows the corresponding plots for CrF2 in the
left and right panels. For ∆V there are two plots corre-
sponding to the two different background fits from Ein-
stein and Debye equations. The ordered magnetic mo-
ment is the order parameter. The plots show that all
these lattice strains couple linearly with the square of the
order parameter for CrF2. The linearity is quite obvious
for ∆b and ∆V but it is less so for ∆a, ∆c and ∆β due to
the small magnetovolume effect and also large error bars.
Fig. 10 shows similar plots for CuF2 on the left and right
panels but due to the very large errors of the data nothing
much can be concluded from the plots except for that for
∆b for which linearity is definitely valid. The quadratic
relationship between the lattice strain and the order pa-
rameter is expected for a single sublattice ferromagnet8.
Chatterji et al.14,15 showed recently that the quadratic
coupling between the lattice strain and the order param-
eter is also valid for CoF2, MnF2, FeF2 and NiF2. Thus
the coupling of the lattice stain is clearly quadratic to
the order parameter in the transition metal difluoride se-
ries. This is consistent with the simple argument given
in References6,8.
VIII. JAHN-TELLER DISTORTION IN CrF2
AND CuF2
As we mentioned before the CrF2 and CuF2 stand out
from the rest of transition metal difluorides in that they
contain Jahn-Teller ions Cr2+ and Cu2+ that cause the
distortion of the CrF6 and CuF6 octahedra containing
four short and two long Cr-F and Cu-F bond distances.
In order to check whether the antiferromagnetic phase
transition modifies the bond distances at low tempera-
tures we determined the lattice positional parameters as
functions of temperature. Figure 11 gives the tempera-
ture variation of the positional parameters x, y and z of
the F atom of CrF2 in the left panel and those for CuF2
in the right panel. We do not observe any drastic change
in the positional parameters close to the antiferromag-
netic phase transitions for both CrF2 and CuF2. Fig. 12
shows the temperature variation of short equatorial and
long apical bond distances in the CrF6 octahedra of CrF2
in the left panel and those for CuF2 in the right panel. In
bottom panels are shown the Jahn-Teller distortion pa-
rameter ∆ as a function of temperature. The distortion
parameter ∆ of a coordination polyhedron ABN with an
average A-B bond distance < d > and the individual A-B
distances dn is defined as
∆ =
1
N
∑
n=1,N
(
dn− < d >
< d >
)2
. (9)
We note that apart from smooth linear decrease with
temperature no drastic changes in bond distances take
place at the antiferromagnetic phase transition in CrF2
and CuF2. The epical Cr-F distance of the octahedron
decrease linearly with decreasing temperature in CrF2
whereas the equatorial Cr-F bond distances remain al-
most constant in the temperature range investigated.
There is hardly any effect in these bond distances in
CuF2. Also the distortion parameter ∆ of the octahe-
dron decreases linearly with decreasing temperature in
CrF2 where ∆ remains more or less constant in CuF2 in
the temperature range studied. There is no magnetoe-
lastic effect of the Jahn-Teller distortion at the transition
temperature. This is what is expected due to the much
higher energy scale of the Jahn-Teller effect compared to
the magnetic exchange and magnetoelastic energies.
TABLE I: Magnetic and magnetoelastic properties of MF2
Compound TN (K) Moment (µB) 10
4 ×∆V/V Reference
CrF2 48.7(1) 3.6(2) -7.72 present work
MnF2 69.0(2) 5.12(9) -10.02 [15]
FeF2 79(1) 4.05(5) -4.1 [15]
CoF2 39.0(4) 2.57(2) 2.6 [14]
NiF2 71.0(6) 1.99(5) -4.5 [15]
CuF2 72(9) 0.75(10) -1.16 present work
IX. MAGNETOVOLUME EFFECT
We now consider the correlation of the magnetovolume
effects at the antiferromagnetic phase transition in MF2
(M = Cr, Mn, Fe, Co, Ni and Cu) with other magnetic
properties. Table I summarises the results obtained so
far for the spontaneous volume magnetostriction of tran-
sition metal difluorides along with the values for the Ne´el
temperature TN and the ground state ordered magnetic
moment. The data for CoF2 have been taken from Chat-
terji et al.14 and the data for MnF2, FeF2 and NiF2 have
been taken from Chatterji et al.15. We have however re-
fitted the high temperature volume data of CoF2 to the
Debye-Gru¨neisen equation (2 and 1) and extrapolated
to the lower temperatures. From Table I we note that
the magetovolume effect in MnF2 is relatively large and
negative whereas that in CoF2 is smaller but positive
whereas those for CrF2, FeF2, NiF2 and CuF2 are nega-
tive with intermediate values. One may expect that the
magnetovolume effect in the transition metal difluoride
series be related with the magnetic moment values or
the exchange interaction that is proportional to the Ne´el
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FIG. 13: (Color online) Plot of the magnetovolume effect
∆V/V vs. the magnetic moment.
temperature but from looking at Table I we see that the
magnetoelastic effect has no or little correlation with the
Ne´el temperature or the exchange interaction. However
there may be some correlation between the magnetovol-
ume effect and the ordered magnetic moment. Fig. 13
shows the plot the magnetovolume effect ∆V/V vs. the
magnetic moment. We could draw two separate straight
lines through the data points as shown in Fig. 13. The
magnitude of the magnetoelastic effect seems to increase
with the magnetic moment value for each of these two
groups albeit with different slopes. The data for MnF2
falls on both these two straight line. The implication
of the existence of two straight lines with two different
slopes, i.e two different rates of increase of the magneto-
volume effect with magnetic moment is not quite clear.
One is tempted to ascribe these two different classes of
compounds with pure spin moment and spin plus orbital
moment. However this is just a conjecture only and needs
to be verified. This however is consistent with our earlier
observation15 about the dependence of magnetovolume
effect on the orbital momentum. Since orbital moment
values are not known with any reasonable accuracy in
these series of compounds we are not in a position to
comment further.
X. SUMMARY AND CONCLUSIONS
The present results of the spontaneous magnetoelastic
effects on CrF2 and CuF2 along with our previous similar
results14 on CoF2 and also the results
15 on MnF2, FeF2
and NiF2 essentially complete this experimental investi-
gation of the whole iron-group transition metal difluoride
series except for VF2 that has a very different spiral mag-
netic structure. We have detected and measured consid-
erable exchange striction in each of these transition metal
difluorides. We have established that the lattice strains
couple with the square of the order parameter. However
no systematic correlation between the magnetic proper-
ties and the magnetoelastic effects has been determined
so far. The effect seems to increase with the magnetic
moment value but even this correlation is not perfect.
At this stage it seems necessary to do first-principle cal-
culations and compare the results with the experimental
ones. This may lead to the understanding of magnetoe-
lastic effect in these simple insulating transition metal
difluoride antiferromagnetic model system.
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